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(54) Processes for the symmetrisa- 
tion of the vertical component of 
the magnetic field of electrolysis 
tanks 

(57) Below each tank head is dis- 
posed a compensation loop (8, 1 1 , 
13, 15) for producing a supplemen- 
tary vertical magnetic field of the 
tank on its short side, and of oppo- 
site direction, and at least a fraction 
of the current which passes through 
the upstream negative collector (9) 
passes through each of said loops. 
The tanks can be high-intensity ig- 
neous electrolysis tanks for the 
production of aluminium. 
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SPECIFICATION 

Processes for the symmetrisation of the 
vertical component of the magnetic field of 
5 electrolysis tanks 

The present invention concerns processes for 
the symmetrisation of the vertical component 
of the magnetic field in electrolysis tanks 
1 0 which are connected in series and disposed 
transversely with respect to the axis of the 
series. Such tanks may be used for the prod- 
uction of aluminium by the electrolysis of 
alumina dissolved in molten cryolite. 
1 5 For proper comprehension of the following 
description, it will be recalled that the 
industrial production of aluminium is by 
means of igneous electrolysis, in high-inten- 
sity igneous electrolysis tanks which are elec- 
20 trically connected in series, of a solution of 
alumina in cryolite which is raised to a tem- 
perature of the order of from 950 to 1O00X 
by the Joule effect of the current passing 
through the tank. 
25 Each tank comprises a rectangular, crucible- 
forming cathode, the bottom of which is 
formed by blocks of carbon which are sealed 
on to steel bars, referred to as cathodic bars, 
which serve to carry the current from the 
30 cathode to the anodes of the following tank. 
The anodes, which are also of carbon, are 
sealed on to rods which are tightly clamped 
on to bars of aluminium, referred to anodic 
bars, which are fixed on a superstructure 
35 which overhangs the crucible configuration of 
the tank. The anodic bars are connected by 
aluminium conductors, referred to as 'risers', 
to the cathodic bars of the preceding tank. 
Disposed between the anodes and the cath- 
40 ode is the electrolysis bath, that is to say, the 
solution of alumina in cryolite. The aluminium 
produced is deposited on the cathode, a res- 
erve store of aluminium being constantly 
maintained at the bottom of the cathodic 
45 crucible. 

The crucible being of a rectangular configu- 
ration, the anodic bars for supporting the 
anode are generally parallel to the long sides 
of the crucible, while the cathodic bars are 
50 parallel to the shorter sides of the crucible, 
referred to as the tank heads. 

The tanks are arranged in lines, lengthwise 
or crosswise, according to whether their long 
side or their short side is parallel to the axis of 
55 the line. The tanks are electrically connected 
in series, with the ends of the series being 
connected to the positive and negative out- 
puts of an electrical rectifying and regulating 
sub-station. Each series of tanks comprises a 
60 certain number of lines connected in series, 
the number of lines preferably being an even 
number in order to avoid conductors being of 
needless lengths. 
The electric current which flows through the 
65 different conductors (electrolyte, liquid metal, 



anodes, cathodes, and connecting conductors) 
produces substantial magnetic fields. In the 
electrolysis bath and in the molten metal 
contained in the crucible, the magnetic fields 
70 produced induce forces referred to as Laplace 
forces which, by virtue of the movements 
which they cause, are harmful to satisfactory 
operation of the tank. The design of the tank 
and its connecting conductors is such that the 
75 magnetic fields produced by the different 
parts of the tank and the connecting conduc- 
tors compensate each other; this therefore 
results in a tank whose plane of symmetry is 
the vertical plane which is parallel to the line 
80 of tanks and which passes through the centre 
of the crucible. 

However, the tanks are also subjected to 
interference magnetic fields originating from 
the adjacent line or lines. 
85 In the following, the terms 'upstream' and 
'downstream' are used with respect to the 
general direction of the electric current in the 
line of tanks in question. The term 'adjacent 
line' is used to denote the line which is 
90 closest to the line in question, and the term 
'field of the adjacent line' is used to denote 
the resultant of the fields of all the lines of 
tanks, other than the line in question. 

An embodiment of the invention described 
95 hereinbelow is designed to provide an ar- 
rangement including a tank wherein the ano- 
dic system is supplied by means of current 
feed means disposed on the short sides of the 
tank and wherein the arrangement of the 
1 00 inter-tank conductors is such as to provide 
excellent symmetry in respect of the vertical 
magnetic field, in accordance with the follow- 
ing rule: 

the absolute value of the vertical field com- 
105 ponent Bz is the same in the four angles or 
corners of the tank; and 

the sign of Bz is alternatively positive and 
negative when going from one angle of the 
tank to the other around the perimeter 

I 1 0 thereof. 

This result is achieved: 

(a) taking account of the magnetic field 
produced by the adjacent lines of tanks; and 

(b) taking account of the modification in the 

I I 5 magnetic field due to the presence of ferro- 

magnetic members disposed in the vicinity of 
the tank. 

Bz denotes the component of the magnetic 
field along the vertical axis Oz, in a reference 

120 trirectangle trihedron whose axis Ox is parallel 
to the axis of the series in the direction of the 
current, the point O being fixed at the centre 
of the cathodic plane. 

French Patent No. 2 333 060 and Certifi- 

125 cate of Addition No. 2 343 826 thereto 

disclose means which seek to compensate for 
the magnetic field produced by the adjacent 
lines of tanks, by placing a current loop circuit 
below the outer head, that is to say, below 

1 30 the shorter side of the tank, being the side 
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which is most remote from the closest line. 
The arrangement used comprises diverting a 
part of he current which passes around the 
outside head of the tank, by passing it 
5 through a conductor disposed below the tank. 
According to the invention there is provided 
a process for the symmetrisation of the verti- 
cal component of the magnetic field of elec- 
trolysis tanks which are connected in series 

1 0 and disposed transversely with respect to the 
axis of the series, that is to say, to cause the 
vertical magnetic field to be of substantially 
the same absolute value in the four angles of 
the tank with signs which are alternatively 

15 positive and negative when following the peri- 
meter of the tank, wherein the distribution of 
current in conductors for supplying an anode 
of a downstream tank from a cathode of an 
adjacent upstream tank is modified in such a 

20 way as to superimpose on the tank two elec- 
trical loops producing a supplementary verti- 
cal magnetic field substantially equal to the 
mean vertical magnetic field of the tank on its 
short side and of opposite direction, the elec- 

25 trical loops being dispsoed below each of the 
short sides of the tank. 

Preferably, a current loop is formed beneath 
each tank short side or head by passing 
through a supplementary conductor at least a 

30 fraction of the current which passes through 
an upstream negative collector, said supple- 
mentary conductor rejoining the same up- 
stream collector, passing along the long 
downstream side of the tank. 

35 The supplementary conductors are prefera- 
bly positioned as high as possible beneath the 
tank, horizontally and parallel to the short 
sides of the tank, and in such a way that the 
planes through the inner and outer conductor 

40 and through the inner edge of the anode on 
the inner and outer short sides respectively 
form an angle of substantially 45° to the 
vertical. 

The invention will now be further described, 

45 by way of illustrative and non-limiting exam- 
ple, with reference to the accompanying draw- 
ings, in which: 

Figures 7 and 2 are diagrammatic views of 
the position of a compensation conductor be- 

50 neath the heads of an electrolysis tank; 

Figure 3 shows the real geometrical ar- 
rangement of a compensation loop circuit be- 
neath one of the heads of the tank; and 
Figure 4 is a diagrammatic plan view of the 

55 positions of the conductors forming connec- 
tions between two successive tanks and the 
position of the compensation loop circuits 
below the heads of one of the tanks (the 
upstream tank). 

60 In order to carry the invention into effect, it 
is first necessary to determine the current 
intensities li and le in the compensation 
loops. 

The vertical magnetic field is calculated, in 
65 each of the angles of the tank (let the follow- 



ing apply (Fig. 3)): 

Bz, in the inner upstream angle 
Bz 2 in the inner downstream angle 
Bz 3 in the outer downstream angle 
70 Bz 4 in the outer upstream angle 

The expressions upstream/downstream are 
used with respect to the general direction of 
the current in the line of tanks. Calculation of 
these fields is effected, taking into account the 
75 magnetic field produced by the adjacent lines 
and the action on the field of the ferromag- 
netic masses disposed in the vicinity of the 
tank. 

The following two equations are then set 
80 out: 

Bz, + Bz 2 = 0 m 
Bz 3 + Bz 4 = 0 {l} 
The equations (1) are linear in respect of li 
and le (the magnetic field being proportional 
85 to intensity) and therefore make it possible to 
determine li and le. 

Now, it is known that, when there are no 
adjacent lines, the vertical component Bz',, 
Bz' 2 , Bz' 3 , Bz' 4( of the magnetic field in the 
90 four angles of the tank is antisymmetrical in 
respect of y, the tank by its construction being 
symmetrical with respect to the plane xOz; we 
therefore have: 
Bz', = - Bz' 4 
95 Bz' 2 = - Bz'a 

The vertical field produced by the adjacent 
lines on the one hand and by the magnetic 
loop circuits on the other hand is practically 
independent of the abscissa x, that is to say, 
1 00 it is of a constant value bz over the whole of 
the inner short side and a constant value bz 1 
over the whole of the outer side. 
We therefore have: 
Bz, = Bz', + bz 
1 05 Bz 2 = Bz' 2 + bz 

Bz 3 - Bz' 3 + bz' - Bz' 2 + bz' 
Bz 4 = Bz' 4 + bz' = - Bz', + bz # 
Taking into account Equations (1), we have: 
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Bz, = - Bz 2 = Bz 3 = - Bz 4 
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The aim being to modify, by improving, the 
vertical magnetic field on the short side of the 
tank, the conductor passing below the tank 
will be so positioned that it has maximum 
action on that region. 

Referring to Fig. 1 , C represents a section 
of a compensation conductor, in end view; M 
represents the point at which the magnetic 
field to be compensated is at its most intense; 
and a is the angle made by the plane contain- 
ing the compensation conductor C and the 
point M, with the vertical. If the strength or 
intensity of the current in the conductor C is 
denoted by I, the magnetic field B at point M 
is of the following value: 



20 21 

B = — cos a 
h 

If Bz is used to denote the vertical compo- 
25 nent of the field at point M, we have: 

Bz = B.sin a 

1 

30 = - X 2 cos a sin a 
h 

1 

= -sin 2 a 
35 h 

Bz is at a maximum for sin 2a = 1 , and 
therefore when a = 45°. 
The compensation conductor is therefore 
40 desirably positioned, as shown in Fig. 2, in 
such a way that the plane defined by the 
conductor and by the outer angle of the 
anode is at an angle of substantially 45° to 
the vertical. 

In Fig. 2, which is a diagrammatic view of a 
vertical section through the outer head of an 
electrolysis cell, reference numeral 1 denotes 
the anode, reference numeral 2 denotes the 
molten electrolyte, reference number 3 de- 
notes the layer of liquid aluminium, reference 
numeral 4 denotes the cathodic block, refer- 
ence numeral 5 denotes the lower angle of 
the anode in the vicinity of which the vertical 
magnetic field to be compensated is at its 
maximum, and reference numeral 6 denotes 
the compensation conductor. 

Fig. 3 is a diagrammatic perspective view of 
a head of an electrolysis cell and shows the 
position and the line of the compensation 
conductor (7), which comprises: a down por- 
tion 8 from an outer upstream negative con- 
ductor or collector 9 to the level of the bottom 
of the tank 1 0; a horizontal portion 1 1 be- 
neath the tank parallel to its short side 1 2; an 
up portion 1 3 to the level of the outer down- 
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stream negative collector 14 disposed be- 
tween the latter and the body of the tank; and 
a return portion 1 5 parallel to the long side 
1 6 of the tank, to rejoin the outer upstream 
70 collector 9. The arrowed dotted line indicates 
how the electric loop for generating the com- 
pensation field is formed. The cathodic bars 
are denoted by reference 17. A loop which is 
identical and symmetrical with respect to the 
75 axis of the series is disposed on the other 
head end of the tank, as shown in Fig. 4. 

The above-indicated arrangement is used on 
a series of 90 kA tanks, with 1 4 m distance 
between lines of tanks, and, from equations 
80 (1), the following calculations are made: 
li = 9 kA (approximately); and 
le = 22.5 kA (approximately). 
The following vertical magnetic fields are 
measured on these tanks, in the angles: 
85 Bz, = 31 Gauss 
Bz 2 = - 40 Gauss 
Bz 3 = 30 Gauss 
Bz 4 = -40 Gauss 

Symmetry is therefore achieved in an en- 
90 tirely satisfactory manner. 

By comparison, the following vertical mag- 
netic fields, in the angles, were measured on 
a series of tanks which were identical but not 
compensated: 
95 Bz, = 55 Gauss 

Bz 2 = - 25 Gauss 

Bz 3 = 15 Gauss 

Bz 4 = — 75 Gauss 

A lack of balance of this kind affects proper 
100 operation of the tanks and results in an unsat- 
isfactory Faraday output. 

CLAIMS 

1 . A process for the symmetrisation of the 
105 vertical component of the magnetic field of 
electrolysis tanks which are connected in se- 
ries and disposed transversely with respect to 
the axis of the series, that is to say, to cause 
the vertical magnetic field to be of substan- 
1 10 tially the same absolute value in the four 
angles of the tank with signs which are alter- 
natively positive and negative when following 
the perimeter of the tank, wherein the distri- 
bution of current in conductors for supplying 
1 1 5 an anode of a downstream tank from a cath- 
ode of an adjacent upstream tank is modified 
in such a way as to superimpose on the tank 
two electrical loops producing a supplemen- 
tary vertical magnetic field substantially equal 
1 20 to the mean vertical magnetic field of the tank 
on its short side and of opposite direction, the 
electrical loops being disposed below each of 
the short sides of the tank. 

2. A process according to claim 1, 
125 wherein a current loop is formed beneath 
each tank short side or head by passing 
through a supplementary conductor at least a 
fraction of the current which passes through 
an upstream negative collector, said supple- 
1 30 mentary conductor rejoining the same up- 
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stream collector, passing along the long 
downstream side of the tank. 

3. A process according to claim 2, 
wherein the supplementary conductors are po- 

5 sitioned as high as possible below the tank, 
horizontally and parallel to the short sides of 
the tank, in such a way that the planes 
passing through the inner and outer conductor 
and the inner edge of the anode on the inner 
1 0 and outer short sides respectively form an 
angle of substantially 45° to the vertical. 

4. A process for the symmetrisation of the 
vertical component of the magnetic field of 
electrolysis tanks which are connected in se- 

1 5 ries and disposed transversely with respect to 
the axis of the series, the process being 
substantially as herein described with refer- 
ence to the accompanying drawings. 

5. An arrangement of electrolysis tanks in 
20 which the vertical component of the magnetic 

field has been symmetrised by a process ac- 
cording to any one of the preceding claims. 
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